Background: Limited evidence for association of weight gain with sleep-disordered breathing (SDB) has been produced for Asian populations whose body mass index (BMI) levels are lower than in western countries. Objective: The aim of this study was to examine weight change since 20 years of age and risk of SDB among Japanese. Design: Retrospective cohort study. Subjects: This study includes a large sample of 5320 male Japanese truck drivers aged 30-69 years. Measurements: The respiratory disturbance index (RDI) was selected as an indicator of SDB, and it was estimated with a onenight sleep test using an airflow monitor, and the Epworth Sleepiness Scale (ESS) was used to estimate excessive daytime sleepiness. Results: Respiratory disturbance and sleepiness were more prevalent among men with BMI of 25.0-29.9 and X30.0 kg/m 2 than among those with BMI of 18.5-24.9; multivariable odds ratios (ORs) were 1.8(1.5-2.0), Po0.001 and 4.4(3.5-5.5), Po0.001 for RDI X10, and 1.2(0.9-1.4), P ¼ 0.18 and 1.5(1.1-2.1), P ¼ 0.02 for ESS X11, respectively. Compared with men showing BMI changes within ± 1.0, the respective multivariable ORs for those with BMI changes of 3.0-4.9 and X5.0 were 1.4(1.2-1.6), Po0.001 and 2.4(2.0-2.9), Po0.001 for RDI X10, and 1.2(0.9-1.6), P ¼ 0.22 and 2.0(1.5-2.6), Po0.001 for ESS X11. The corresponding ORs for weight gain of X10.0 kg compared with weight change less than ± 5.0 kg were 2.0(1.7-2.4), Po0.001 for RDI X10 and 1.5(1.2-2.0), P ¼ 0.002 for ESS X11. Similar trends were observed for RDI X20. Conclusion: Our results suggest that an increase in BMI of X5 kg/m 2 or weight gain of X10 kg is a risk factor for SDB and excessive daytime sleepiness among Japanese truck drivers.
Introduction
Sleep-disordered breathing (SDB) is strongly associated with obesity and overweight, 1, 2 and with weight gain. 3, 4 In the USA, more than 80% of the estimated deaths attributable to obesity occurred among individuals with body mass index (BMI) of X30, 5 and in 2004 the prevalence of BMI of X30 was 32% among adults aged 20 years or older. 6 In Japan, the prevalence of BMI X30 in 2004 was much lower at 3% among adults aged 15 years or older. 7 The prevalence of SDB (apnea-hypopnea index (AHI), X15) was 9-14% for western adult men [8] [9] [10] and 5-10% for their Asian counterparts. 11, 12 We previously reported that SDB was positively associated with overweight and excessive daytime sleepiness among Japanese adults. 13, 14 To date, however, no data have been available on the association of weight change with SDB and excessive daytime sleepiness for Asian populations. Our a priori hypothesis was that weight gain as well as overweight would be associated with higher prevalence of SDB and excessive daytime sleepiness. In this study, we used the respiratory disturbance index (RDI) as an indicator of SDB and the Epworth Sleepiness Scale (ESS) to assess daytime sleepiness for an investigation of the association of BMI and weight gain with SDB and excessive daytime sleepiness in a large sample of 5320 male Japanese truck drivers.
Methods

Subjects
From November 2005 to October 2006, 5487 truck drivers aged 30-69 years, all members of the Japanese Trucking Association, participated in this study (participation rate, 97%). We excluded 22 subjects whose RDI data were missing and 145 women because of the small sample size, so that a total of 5320 men were actually enrolled. Physician epidemiologists or trained staff members explained the study protocol to every subject and obtained informed consent. The study was approved by the Medical Ethics Committees of the University of Tsukuba.
Measurements
All participants completed self-administered questionnaires about systolic and diastolic blood pressure, current height and weight, weight at the age of 20, ethanol intake per day, number of cigarettes smoked per day, use of antihypertensive medication and the ESS, that is, the sum of the scores from 1 to 3 for eight items (range, 0-24). 15 Hypertension was defined as systolic blood pressure X140 mm Hg and/or diastolic blood pressure X90 mm Hg and/or use of antihypertensive medication. BMI was calculated as weight (kg) divided by the square of height in meters (m 2 ), BMI at the age of 20 was estimated by comparing reported weight at the age of 20 with current height on the assumption that height had not changed materially since the age of 20. Persons who smoked one or more cigarettes per day were defined as current smokers. ESS X11 was taken to represent excessive daytime sleepiness as in a previous study. 16 
Assessment of SDB
We asked the participants to use a single-channel airflow monitor (Somnie; NGK Spark Plug Co. Ltd, Nagoya, Japan) with a portable monitor attached below the nose during one night 17 of sleep at home and to fill in the self-administered questionnaire on the same day. The Somnie uses a polyvinylidene fluoride film as a thermal sensor to detect airflow, stores the airflow signal as digital data at a sampling frequency of 10 Hz and can record data for 24 h. The airflow sensor is designed to detect both nasal and oral breathing. For the detection of apnea and hypopnea, the Somnie primarily uses the airflow signal obtained by the thermal sensor. The data from the Somnie were analyzed automatically with a computer program (Flow.exe; Institute of Sleep Health Promotion, Tsukuba, Japan), which uses short-time power spectral analysis and yields an index known as the flow-RDI. The strength of this method lies in strong agreement between the automated and manual analyses of airflow signal, which has been confirmed in a previous study. 17 The criterion for SDB was defined by the RDI level as 10 and 20 events per hour, because these RDI cutoffs were found to represent AHIs of X15 and X30, respectively, as determined by full polysomnography (PSG); the corresponding sensitivities were 0.91 and 0.89, and specificities 0.82 and 0.96. 17 We eventually used a cutoff for RDI of 10 (corresponding to AHI of 15) for the analysis, because the number of RDI X20 (corresponding to AHI of 30) in weight less categories is too small (n ¼ 20).
Statistical analysis
Age-adjusted mean values and prevalence of selected cardiovascular risk factors were calculated by using the four BMI categories according to the WHO clinical guidelines (o18.5, 18.5-24.9, 25.0-29.9 and X30.0 kg m
À2
) and subjected to analysis of covariance and the w 2 -test. We used logistic regression analysis to estimate the independent associations of the four BMI categories, BMI change (p À1.0, within ± 1.0, 1.0-2.9, 3.0-4.9 and X5.0) and weight change (p À10.0, between À9.9 and À5.0, within±5.0, 5.0-9.9 and X10.0 kg) since the age of 20 with RDI X10 and ESS X11. The various BMI and weight categories were tested for linear trends by using logistic regression models for ordinal variables as references for normal BMI and no BMI or weight changes as well as by using linear regression for continuous variables, which used the median variables of BMI, BMI change and weight change for each of categories. Potential confounding factors for adjustment were age (years), BMI at age 20 (kg m À2 ), weight at age 20 (kg), current regular drinkers (yes), current smokers (yes) and hypertension. SAS version 9.1.3 software (SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses. All probability values for statistical tests were two-tailed, and values of Po0.05 were regarded as statistically significant. Table 1 shows the population characteristics according to the BMI categories. Mean (s.d.) among total subjects were 44.7(9.3) years for age, 24.8(3.6) kg m À2 for BMI, 130(14) mm Hg for systolic blood pressure and 69(30) mm Hg for diastolic blood pressure, 9.1(10.5) per hour for RDI and 5.1(3.9) for ESS. For all subjects, the prevalence of current ethanol intake was 54%, current smoking 66%, use of antihypertensive medication 10% and hypertension 30%. Men with higher BMI were younger, more hypertensive, used more medication for hypertension, smoked less, drank less
Results
Weight change and sleep-disordered breathing R Cui et al and had higher RDI, ESS and blood pressure levels compared with those with lower BMI. Table 2 shows odds ratios for RDI X10 and ESS X11 by BMI category. The prevalence of RDI X10 and ESS X11 correlated linearly and positively with BMI. Compared to men with BMI of 18.5-24.9, those with BMI of 25.0-29.9 and X30.0 had 1.8-and 4.4-fold higher prevalence of RDI X10, respectively, and those with BMI of X30.0 had 1.5-fold higher prevalence of ESS X11 after adjustment for cardiovascular risk factors.
Men with BMI change of X5.0 compared to those with BMI change within ± 1.0, and men with weight change of X10.0 kg compared to those with weight change within ± 5.0 kg since the age of 20 showed approximately twice as high a prevalence of RDI X10 and ESS X11 after adjustment for cardiovascular risk factors (Tables 3 and 4) . A 1.5 times higher prevalence of RDI X10 was observed in men with a BMI change of 3.0-4.9. Similar trends were observed for RDI X5 and X20 (not shown in the table).
Discussion
In our study of 5320 Japanese truck drivers, we found that men with BMI of 25.0-29.9 and X30.0 had approximately two-and fourfold higher prevalence of SDB (RDI X10), respectively, than those with BMI of 18.5-24.9. Furthermore, men with a BMI change of X5.0 compared with those with a BMI change within±1.0 kg m
À2
, and men with a weight gain of X10.0 kg compared with those with a weight change within ± 5.0 kg since the age of 20 showed approximately twice as high prevalence of SDB. The risk of SDB also showed Weight change and sleep-disordered breathing R Cui et al a 1.5-fold increase even for smaller weight gains such as a BMI increase of 3.0-4.9. These strongly positive associations of BMI and BMI changes since the age of 20 with SDB were consistent with the results of previous studies, but this study provided further evidence that long-term changes in BMI are associated with SDB. 10, [12] [13] [14] In our study, 55% of the men with RDI X10 had BMI X25, which is similar to findings for the USA, where 58% of Americans with AHI X15 had BMI X25.
1
A 10% increase in weight over 4 years was associated with a six times higher risk of AHI X15 3 and a weight gain of X5 kg over 5 years with a three times higher risk of AHI X15 18 in follow-up studies of Americans. We found that prevalence of SDB was elevated for BMI X25.0 and for BMI gain of X3 and weight gain of X10 kg since the age of 20. A recent 10-year follow-up study of Japanese subjects reported that weight gain of X10 kg among men with BMI o21.7 at age 20 was associated with a doubling of the risk of coronary heart disease but that no excessive risk was established for men with BMI X21.7.
19
We also found that the prevalence of excessive daytime sleepiness was elevated for BMI X30 and for BMI gain of X3 20 and that the prevalence of SDB and sleepiness tended to be lower at weight loss of X10 kg. Putting these findings together suggests that weight control for professional drivers may be beneficial for the prevention of SDB. The strength of this study is that it is the first to examine SDB status during sleep at home for a large sample of professional drivers, which has the advantage of providing a more realistic estimation of severity of SDB compared with hospital/laboratory studies because the subjects can maintain regular daily habits of sleep, physical activity, diet and ethanol intake.
Our study has several limitations, however. First, we used the RDI but not 3% oxygen desaturation index (ODI) as an indicator of SDB, because the sensitivity of 3% ODI for the diagnosis of SDB was not high for nonobese persons. The sensitivity of 3% ODI X5 for screening for AHI X5 by means of full PSG was 68% for subjects with BMI p27.0. 21 However, the sensitivity of RDI X5 for the same screening was 97% for subjects with BMI o25.0. 17 Second, we conducted airflow monitoring for all participants only once, which is likely to have resulted in underestimation of associations between weight change and SDB due to measurement errors. Because the misclassification of airflow findings is nondifferential among weight categories, a real association world is stronger. Third, we used self-reported weight and height to calculate BMI, and these measurements may contain errors in the form of underestimated weight and overestimated height. 22 However, the validity for BMI estimated from self-reported height and weight is reportedly very good for Japanese (r ¼ 0.94). 23 Fourth, we used recall data for weight at the age of 20, which may have been inaccurate. In Japan, however, annual medical checkups have been conducted since 1958 for students and employees at around 20 years of age under the School Health Law and since 1972 under the Occupational Safety and Health Act, which may help subjects to recall their weight more accurately. 24 Another study reported that recalled weight at the age of 25 strongly correlated with actually measured weight (r ¼ 0.85). 25 Finally, because our study population was limited to male truck drivers, it is not clear whether our results can be extrapolated to female truck drivers or the general population.
In conclusion, significant associations of weight gain with SDB and excessive daytime sleepiness suggest the need for avoidance of weight again among professional drivers to prevent SDB.
